In this work we investigate Ising and classical Heisenberg models for two and three dimensional lattices in presence of diluted ferromagnetic dimers. For such models the Curie temperature as a function of ratio of intra-dimer exchange coupling constant IA and other inter-site coupling constants IB is calculated. In case dimer is treated exactly and environment within the mean-field approach it was found that even for IA/IB → ∞ TC remains finite. Similar analysis is proposed for rhombohedral phase of intermetallic compound Gd2Fe17 where so-called Fe1-Fe1 "dumbbell" forms the diluted ferromagnetic dimer. It was shown that for such complex magnetic systems TC is determined by all variety of exchange interactions and for the interval 0 ≤ IA/IB ≤ ∞ TC changes are not more than ±10%.
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I. INTRODUCTION
There is a number of magnetic compounds with complex crystal structure and many magnetic ions per unit cell. Interatomic distances in such systems between nearest exchange-coupled ionic pairs could be quite different by its value. Thus the value of exchange coupling parameter for a pair with shortest interatomic distance could be 2-3 times stronger than for a pair of atoms with larger interatomic distance.
A typical example of such systems is R 2 Fe 17 class of intermetallic compounds. Here shortest Fe1-Fe1 distance corresponds to Fe ions in a so called "dumbbell" positions (Wyckoff positions 4f for hexagonal T h 2 N i 17 -type and 6c for rhombohedral T h 2 Zn 17 -type crystal structures, see for details of magnetic structure Ref. 1). Based on band structure calculations within the LSDA+U method the exchange interaction parameter value for dumbbell pair in the hexagonal phase Gd 2 Fe 17 gives ferromagnetic exchange with I 11 (1)=238.8 K for a distance r 11 (1)=2.400Å.
2 While for Fe3-Fe3 pairs in the 12j Wyckoff positions for a distance of r 33 (1)=2.400Åcorresponding exchange parameter value is found to be I 33 (1)=80.4 K.
2 Analogous calculations for rhombohedral phase of Gd 2 Fe 17 for Fe1-Fe1 dumbbell pair gives ferromagnetic coupling with I 11 (1)=287.5 K (r 11 (1)=2.385Å).
2 For the next pair interatomic distance Fe2-Fe3 (9d and 18f Wychoff positions correspondingly) we obtained I 23 (1)=87.1 K (r 23 (1)=2.423Å)
2 . Thus one can see that coupling for dumbbell positions is 3 times stronger (in both phases) than an exchange coupling for the next smallest pair interatomic Fe-Fe distance.
Let us note that these strong exchange bonds I 11 (1) of Fe1-Fe1 dumbbell positions are rather well spatially separated one from each other (rather diluted) and do not form any infinite magnetic cluster. Moreover these strongly coupled dumbbell pairs one can consider as some ferromagnetic dimers embedded into a infinite magnetic cluster formed by other weaker magnetic bonds.
To this end there rises a question: how strong influences presence of such diluted ferromagnetic dimers on a Curie temperature? Well could be that such dimers give dominating contribution to the Curie temperature of a complex magnetic system described above.
Here we solve a problem of influence of diluted ferromagnetic dimers on a Curie point. First for model lattices with Ising or classical Haisenberg spins with different numbers of lattice sites we vary exchange interaction strengths of the dimer from zero to infinity while all other exchange interactions remains finite (see Sec. II). Then we investigate rhombohedral phase of Gd 2 Fe 17 using the same approach (Sec. III). Finally we conclude our work with a summary (Sec. IV).
II. THE CURIE TEMPERATURE FOR MODEL LATTICES WITH DILUTED FERROMAGNETIC DIMERS A. Ising spins case
Let us consider square lattice with lattice parameter a. On each site we have Ising spin τ i = ±1. We also specify that spins τ 1 and τ 2 on a plaquette (selected on Fig. 1 by dashed circle) form a dimer and are coupled by exchange integral I A >0 while each other pair of spins τ 1 − τ 3 , τ 3 − τ 4 and τ 4 − τ 2 are coupled with I B >0 and I B = I A . Thus magnetic elementary cell contains four magnetic atoms and the lattice has period 2a.
Using Weiss mean-field approximation it is easy to obtain four self-consistent equations for observable spin value σ i =< τ i > (i=1,2,3,4) for each magnetic sublattice. 
For ferromagnetic ordering in elementary magnetic cell shown on Fig. 1 follows relations σ 1 = σ 2 and σ 3 = σ 4 . Then
If I A = 0 it comes out from Eq. 
It is obvious that the above mentioned result is not correct from physical point of view. In case I A ≫ I B strong ferromagnetic exchange coupling I A within a dimer preserves parallel alignment of spins τ 1 and τ 2 . While decoupling of weak exchange bonds I B (which form infinite ferromagnetic cluster) is responsible for destruction of ferromagnetic order. Thus even for I A → ∞ Curie temperature T C should be finite and proportional to I B .
The origin of such paradox is applied mean-field approximation where strong fluctuations of exchange energy because of spin flips are absent. The fluctuations become anomalously strong if we deal with groups of spins strongly coupled with each other. To this end one should use approach proposed by Scalapino, Imry and Pincus 
Here interaction between spins τ 1 and τ 2 in the dimer which are coupled with a large exchange constant I A is kept in the exact form and interaction of the same spins τ 1 and τ 2 with others via small I B is treated within the mean-field approximation.
Partition function for the dimer in the environment is
Then for average values of spins σ 1 =< τ 1 > and σ 2 =< τ 2 > one can derive self-consistent set of equations
For average values of spins σ 3 =< τ 3 > and σ 4 =< τ 4 > weakly coupled to environment via I B still valid last two equations of Eqs. (1). It is remarkable that for the limit I A → ∞ immediately follows
It means that for infinitely strong exchange coupling between spins σ 1 =< τ 1 > and σ 2 =< τ 2 > (in case the spins are strictly parallel to each other) environment mean-field I B (σ 1 + 2σ 4 ) acting on spin τ 2 which belongs to the dimer is transferred onto spin τ 1 and thus is added to Weiss field I B (σ 2 + 2σ 3 ). Similar "transfer" of Weiss field from spin τ 1 happens to spin τ 2 .
If we turn back to finite values of I A , considering σ 1 = σ 2 and σ 3 = σ 4 because of symmetry of magnetic surrounding, one can obtain two self-consisted equations
In case of T → T C one can linearize Eqs. (9) for σ 1 , σ 3 → 0 and get uniform linear set of equations
Since Eqs. (10) are valid only for I A ≫ I B , then for
To summarize this subsection we have investigated a square lattice model with four spins in the elementary magnetic cell and one strong exchange bond I A out of four. Varying the selected exchange coupling constant in the interval 0 < I A < ∞ we obtained variation of the Curie point from
B. Elementary magnetic cell finite size effect on TC Now one traces how an increase of number of magnetic sites in the elementary magnetic cell changes Curie temperature in presense of the dimer. In case of square lattice with the periodicity of magnetic elementary cell equal to 3a containing nine magnetic sites (see Fig. 2 ) magnetic structure is described by nine magnetic sublattices. However using symmetry of magnetic environment one can find following relations between different sublattice spin values σ 1 = σ 2 , σ 4 = σ 5 = σ 7 = σ 8 and σ 6 = σ 9 . Thus if 0 ≤ I A I B employing mean-field approximation for T → T C one can obtain four linear equations
By solving fourth order determinant one can get In case of strong exchange bond I A ≫ I B it is necessary to write corresponding Hamiltonian similar to Eq. (4) using relations σ 4 = σ 5 = σ 7 = σ 8
In the vicinity of T C Eq. (13) is linearized for small values σ 3 , σ 4 → 0 and gives
and should be used as a first equation in the Eqs. cell and corresponding increase of number of weak magnetic bonds influence of the dimer on T C goes down and becomes insignificant even in the limit I A → ∞. Roughly speaking infinitely strong exchange bond I A (in case spins are strictly parallel in the dimer) produces an effective spin with doubled value of magnetic moment. At the same time it decreases number of magnetic sites by one. After all such dimer contributes rather weak into free energy of the system in comparison with other spins. The same data is displayed on Fig. 4 . Here one can see a tendency for the T C to lesser and lesser deviate from T C (I A = I B ) for larger number of atoms in the elementary magnetic cell.
C.
Classical Heisenberg spins case
In our days there is a way to compute exchange interaction parameters between different sites of Heisenberg model with classical spins proposed by Lichtenstein et al. in Ref. 4 . In this approach exchange parameters are calculated as a second derivative of total energy with respect to small angles of magnetic moments deviation from collinear magnetic configuration. Thus one should understand how Curie temperature of ferromagnetic lattice of classical Heisenberg spins depends on presence of diluted magnetic dimers. Here we present analysis similar to Sec. II A.
At the beginning we consider a lattice shown on Fig. 1 
where 
which differs from Eq. (3) only with coefficient Let us employ once more the approach of Ref. 3 , where for the case I A ≫ I B for a dimer we write down a Hamiltonian with exchange interaction in the dimer is taken exactly. The exchange coupling constant is I A and spin vectors S 1 S 2 . Coupling of these two spins to other ones via weak exchange integral I B we consider within meanfield approximation:
here Weiss field is h 1 = I B (m 1 + 2m 3 ). Corresponding partition function is
where dΩ i = sinθ i dθ i dφ i is solid angle element with 0 < θ i < π, 0 < φ i < 2π. Since to get T C one needs to linearize equations for m 1 and m 3 (that is h 1 ). Therefore we calculate Z cl (1, 2) up to the order h 2 1 .
Then average value of spin m 1 on site 1 in the elementary magnetic cell is
After differentiating of Eq. (20) and following expanding of self-consistent equation for m 3 around small values of m 1 and m 3 we come to two equations 
III. INFLUENCE OF DUMBBELL EXCHANGE STRENGTH ON TC OF THE RHOMBOHEDRAL PHASE OF GD2FE17
Here we examine influence of strongly exchange coupled dumbbell Fe atoms on T C of the rhombohedral phase of Gd 2 Fe 17 . In this compound there are 17 magnetic It was found that largest parameter of exchange interaction I 11 (1) = 287.5 K couples two Fe1 atoms in the dumbbell position with a distance inbetween r 11 =2.385Å. Next largest exchange coupling parameter I 44 (1)=182.2 K couples magnetic moments of Fe4 atoms with a distance r 44 (1)=2.490Å. Having at hand values of exchange interaction constants and local magnetic moments for all Fe magnetic sublattices it is straightforward to estimate T C using nearest neighbors mean-field approximation. For this purposes absolute value of spin vector is S i = µ F e(i) /2µ B (i=1,2,3,4). To do that first one should define a set of self-consistent equations for average value of z-component of the spin m i =< S z i >, which are
where h i is Weiss field acting on spin S i from nearest neighbors. Next one should linearize right hand sides of Eqs. 22 expanding Langevin function for
Taking into account rhombohedral crystal structure of 
corresponding exchange integrals I ij (1) between Fei and Fej crystallographic classes in the first coordination sphere and nearest neighbors number z ij (1) on a distance r ij (1) are taken from Table III. At that for cumbersome crystal structures z ij (1) = z ji (1) but n i z ij (1) = n j z ji (1), where n i number of atoms of sort Fei in a elementary magnetic cell. As was obtained in Ref. 2 Eqs. (24) give T C =429 K for rhombohedral Gd 2 Fe 17 which is slightly smaller than experimental one 475 K 1 . A reason of this discrepancy is mainly absence in our model of exchange interactions between Fe and Gd sublattices and oscillating exchange interactions with next coordination spheres. However this result shows that largest part (leading contribution) of T C comes from exchange interactions of Fe sublattice between nearest neighbors. Thus it is interesting to explore influence of strongest exchange I 11 (1) "in dumbbell" on T C .
At the beginning hypothetically one switches off the interaction I 11 (1) . Then solution of Eqs. (24) leads to T C (I 11 (1) = 0)=414 K which is only 3.5% less than in Ref. 2 . Now we consider opposite case I 11 (1) ≫ I ij (1), i.e. consider dumbbell pair as dimer. Thus one can apply approach described in Sec. II: Fe1-Fe1 cluster with strong exchange coupling I 11 (1) will be treated exactly while 1, 2, 3, 4) close to T C one gets equation 
here T C =429 K. From Table III one can see that most of values of exchange integrals are very close to the value ofĪ. Thus these Fe-Fe exchange bonds are responsible for the Curie point value rather than Fe1-Fe1 exchange bond only, independently how strong it is.
IV. CONCLUSION
In this work we proposed description of several model magnetic structures with diluted magnetic dimers which do not form any infinite magnetic cluster. The selected strong exchange bond I A is supposed to be much larger than other exchange interactions I B in the elementary magnetic cell. Following ideas of Ref. 3 the magnetic dimer is treated exactly while other couplings are treated within mean-field approximation. In contrast to regular mean-field approximation latter approach allows one to obtain finite Curie temperatures T C even for I A → ∞ which is physically correct. Also if was demonstrated that for 0 ≤ I A /I B < ∞ T C deviates just about ±10% from the value T C (I A = I B ) and is getting closer to that while number of atoms in the elementary magnetic cell grows. For the case I A → ∞ we obtained doubling of spin value of spins forming a dimer, which corresponds to doubling of Weiss field acting on the spin from other spins in the elementary magnetic cell. After all one can conclude that such diluted magnetic dimers do not influence very much on T C value of the whole system in the case I A → ∞, and then even less for finite I A .
Based on these results we perform analogous calculations of T C for real system -the rhombohedral phase of Gd 2 Fe 17 . There is so called dumbbell Fe1-Fe1 dimer with the largest exchange interaction value I 11 (1) in the system. We showed in this investigation that for such complicated crystal structure T C is mainly defined by weaker exchange interactions of Fe1 with other Fe atoms in the elementary magnetic cell rather than by the I 11 (1) exchange only.
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